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INTRODUCTION 

The s u l f u r  con ten t  among coa ls  v a r i e s  t o  some degree i n  t o t a l  q u a n t i t y  
and i n  t h e  forms present .  
organic  ( s u l f i d e  and s u l f a t e )  and t h e  organic  (a complex m i x t u r e  o f  organo 
types) .  
some instances where weather ing has conver ted some o f  t he  p y r i t e  t o  s u l f a t e .  
The s u l f i d e  form can occur  as t h e  m ine ra l s  p y r i t e  and marcas i te  i n  a rough 
s i ze  range f rom 0.25 t o  200 micrometers. 

The organic  s u l f u r  i n  coa ls  i s  i n t i m a t e l y  bound t o  the  coal  molecule 
and i s  d i f f i c u l t  t o  determine d i r e c t l y  when o t h e r  forms a re  p resen t .  The 
organic  s u l f u r  content  i n  most american c o a l s  range from about 0.5 t o  3%. 

A t o t a l  s u l f u r  a n a l y s i s  w i l l  g i v e  the  i n f o r m a t i o n  on whether present  
SO2 emission standards w i l l  be met upon combustion o f  t he  candidate c o a l .  
t he  t o t a l  s u l f u r  i s  t o o  high, and s tack  gas c l e a n i n g  i s  n o t  a v a i l a b l e ,  some 
form o f  d e s u l f u r i z a t i o n  i s  requ i red  be fo re  t h i s  energy source can be used. 
Cleaning processes can remove va ry ing  amounts o f  t h e  i n o r g a n i c  forms, and 
some organic  s u l f u r  may a l s o  be ex t rac ted ,  b u t  f o r  a l l  i n t e n t s ,  t h e  con ten t  
o f  t h i s  l a t t e r  form may be regarded as t h e  lower  l e v e l  a t  which coa l  can be 
bene f i c ia ted .  Therefore, t h e  base l i ne  l e v e l  o f  o rgan ic  s u l f u r  i s  impor tant  
t o  know so t h a t  economic and t ime e f f e c t i v e  i n o r g a n i c  s u l f u r  e x t r a c t i o n s  can be 
app l i ed  which i n  t u r n  can comply w i t h  combustion standards. 

s u l f a t e ,  and s u l f i d e  s u l f u r s .  
s u l f u r  forms i n  coa ls  a re  t h e  ASTM( 
i s  determined by t h e  Eschka method (D3177-75) and t h e  s u l f a t e  and s u l f i d e  by 
s e l e c t i v e  a c i d  leaches (D2492-68). The o rgan ic  s u l f u r  i s  t hen  obta ined f rom 
the  d i f f e r e n c e  o f  t h e  t o t a l  and the  two ino rgan ic  forms s i n c e  no r e l i a b l e  
d i r e c t  method i s  a v a i l a b l e .  
requ i red  (-1 1/2 days) t o  o b t a i n  the  o rgan ic  s u l f u r  by d i f f e r e n c e  has made 
t h i s  approach undes i rab le  b u t  necessary. 

approach was c a l c u l a t e d  from numerous analyses a t  BMI i n  con junc t i on  w i t h  
p r e c i s i o n  est imates o f  t h e  respec t i ve  ASTM methods. 
t i o n s  (95 conf idence l e v e l )  t he  p r e c i s i o n  was found t o  be 525%. 

forms and t o t a l  s u l f u r  f o r  an es t ima t ion  o f  t he  o rgan ic  s u l f u r  content .  
two methods use X-ray analyses on pressed p e l l e t s  o f  p u l v e r i z e d  coal .  
Hur ley & White(21, use X-ray f luorescence t o  c h a r a c t e r i z e  f o r  a l l  o f  t he  s u l f u r  
forms by wavelength peak caused b y  v a r i a t i o n  i n  t h e  s u l f u r  
bonding. The secondf3j i s  discusse! i n  an unpubl ished r e p o r t  on s u l f u r  de- 
t e r m i n a t i o n  i n  coals ,  and u t i l i z e s  X-ray f luorescence f o r  t o t a l  and s u l f a t e  
s u l f u r s  and X-ray d i f f r a c t i o n  f o r  s u l f i d e  s u l f u r .  
by the  d i f f e r e n c e  i n  t h e  l a t t e r  technique. 

General ly, t h e  forms o f  s u l f u r  i n  coa ls  a re  t h e  i n -  

The s u l f a t e  content  i s  u s u a l l y  present  i n  l ow  amounts except i n  

I f  

Current  ASTM methods prov ides f o r  t he  d i r e c t  analyses o f  t h e  t o t a l ,  

s tandard wet  methods. The t o t a l  s u l f u r  
The a j cep ted  techniques f o r  de te rm in ing  t h e  

The poss ib le  accumulat ion o f  e r r o r s  and the  t ime  

The p r e c i s i o n  o f  t h e  organic  s u l f u r  va lue ob ta inab le  f rom t h i s  

A t  two s tandard devia- 

Inst rumenta l  methods a l so  can be  used t o  determine t h e  i n o r g a n i c  
The 

I n  one, 

h ‘ f t  o f  t h e  SK 

Organic s u l f u r  i s  obta ined 
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Both of the  X-ray methods agree w i t h  corresponding wet chemical data 
on the  same samples. 
a re  a t  l ea s t  as good a s  the ASTM procedure but the time of analyses i s  reduced 
t o  several hours. A d ' r  c t  method f o r  determining organic su l fu r  i n  coals was 
reported by Sutherl and14e using the e lec t ron  microprobe on pressed pel l e t s  
of coal.  

A BMI supported program, therefore ,  was in i t i a t ed  t o  develop a d i r e c t  
and specific method f o r  determining the  organic su l fu r  content in coals and i n  
the presence of the o ther  su l fu r  forms. 
temperature reaction of ionized oxygen species with raw coals t o  y i e ld  vo la t i l e  
SO, components which a re  the reaction products with . the organic su l fu r  content 
of t h e  coals. The SO, products can be co l lec ted  i n  a su i t ab le  t r ap  maintained 
a t  low temperatures and subsequently analyzed. 

The precisions of these instrumental methods therefore ,  

The  approach taken en ta i led  the low 

Eq u i pmen t 

For t h i s  purpose, the instrument used fo r  the oxidation of coals during 
t h i s  program was the LFE LTA 600L low temperature asher.  
a t  a crystal controlled frequency of 13.56 MH2 and has an output capable of 
delivering 300 watts of continuously var iab le  power d is t r ibu ted  among f ive  
separate reaction chambers. 
(300 l/m capac i ty)  so as t o  maintain a pressure of 1 t o r r  a t  an oxygen input 
flow of about 50 cc/min. 
t o  study the mineral matter content o f  coals.  
technique u t i l i z e s  the  oxidative properties of the reactive ionic and atomic 
species o f  oxygen which a re  produced when molecular oxygen i s  passed through a 
h i g h  frequency f i e l d .  The ionized oxygen species a r e  directed to  the surface of 
the  raw coal where se l ec t ive  oxidation of t he  organic content leaves the mineral 
matter re la t ive ly  unaltered f o r  study. The reaction produces vo la t i l e  oxides 
of t h e  to ta l  organic content. These products a re  CO, CO2, H20, SO,, and NO,, 
and they a re  normally allowed t o  be discharged through the vacuum pump. 
temperatuge o f  the coal surface reaction under these conditions can vary from 
50 t o  300 C ending primarily upon the power applied t o  the RF co i l s .  
Frazer e t  al@y and Mitchell e t  a l ( 6 )  used low temperature ashing of coals to  
study mineral s t a b i l i t y  under a var ie ty  of conditions.  Although b e t t e r  s t a -  
b i l i t y  of minerals were observed than t h a t  shown by the a i r  oxidation method 
a t  400%, however, i t  was noted tha t  pure py r i t e  could be oxidized a t  the high 
temperatures, 200-300°C. 

To provide f o r  the co l lec t ion  f a c i l i t y  o f  the desired vapor species,  
the  exit of one of the  reaction chambers was rerouted t o  accomnodate a glass 
trapping system. This modification i s  shown schematically i n  Figure 1. The 
a l l  glass assembly, with ba l l  j o i n t  connectors includes a s top  cock ( 0 ) ,  a t rap  
( C )  t o  co l l ec t  the oxidized species and a connector a t  ( E )  t o  e i t h e r  evacuate 
during a r u n  o r  t o  a t tach  a gas bubbling t r ap  fo r  co l lec t ing  the SO2 a t  the 
end of a r u n .  The remaining chambers were l e f t  en tac t  so as not t o  in t e r f e re  
w i t h  the  operation o f  the instrument. 

The generator operates 

Normal ashing i s  car r ied  out under continuous rough 

The  low temperature oxidation technique has been used 
As indicated previously, the 

The 

Figure 2 shows the sample holder used fo r  loading the  sample f o r  the 
oxidation run. Sample p la te  ( A )  i s  placed in to  the holder a s  shown a f t e r  
loading with coa l .  
the  modified sample chamber. 
o f  the sample. 

The sample holder containing the sample i s  inserted i n  
This overall  arrangement provides ease of handling 
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Reaction and C o l l e c t i o n  Procedure 

A weighed sample i s  loaded i n t o  t h e  sample ho lde r  onto a g lass p l a t e .  
The sample h o l d e r  i s  i n s e r t e d  i n t o  t h e  r e a c t i o n  chamber ( A )  through p a r t  B. 
The system i s  c a r e f u l l y  evacuated t o  about 0.2 t o r r .  
coa ls  progress, the temperature (-196 C) and pressure ( 1  t o r r )  cond i t i ons  
pe rm i t  t r a p p i n g  o f  t h e  SO2 and SO3 gases as s o l i d s .  

The generator  i s  t u rned  o f f  a f t e r ,  upon v i s u a l  examination, the 
samples appear t o  be complete ly  ox id i zed .  
1 t o  3 hours. Hel ium i s  s l o w l y  admi t ted through s top  cock (D) u n t i l  t he  
system can be opened t o  the  a i r .  
cc o f  3% H202 s o l u t i o n  i s  a t tached  t o  ( E ) .  
t he  t r a p  and impinger, t h e  Dewar i s  removed t o  p e r m i t  t h e  t r a n s f e r  o f  t he  
condensed SO2 i n t o  t h e  perox ide scrubber. The t r a p  i s  then r i n s e d  w i t h  a 
peroxide s o l t u i o n  t o  c o l l e c t  t h e  SO3 component o f  t h e  product .  The two 
so lu t i ons  are combined f o r  s u l f a t e  analyses u s i n g  t h e  Dionex Mod 10 I o n  
Chromatograph. 

As t h e  o x i d a t i o n  o f  t he  

The o x i d a t i o n  t ime  can va ry  from 

With a slow purge o f  He through 
A g lass  impinger  b o t t l e  c o n t a i n i n g  about 50 

Samples 

The coa ls  which were se lec ted  f o r  t h i s  program were used as rece ived  
except  t h a t  t hey  were ground t o  pass -200 mesh s i e v e  (74 urn). Wet chemical 
s u l f u r  analyses were ob ta ined  on these coa ls .  
s tudy on one coal ,  severa l  o t h e r  coa ls  o f  v a r y i n g  s u l f u r  and ash contents  
were run t o  e s t a b l i s h  t h e  s u i t a b i l i t y  o f  t h i s  method t o  coa ls  possessing 
va ry ing  chemical con ten ts .  The candidate c o a l s  a r e  l i s t e d  i n  t h e  Table 1 .  
along w i t h  t h e i r  p e r t i n e n t  makeup. 

m i l l i g r a m  range. The r e s u l t i n g  s u l f u r  c o l l e c t i o n s  were expected t o  be o f  
s u f f i c i e n t  q u a n t i t y  t o  be determined by t h e  a n a l y t i c a l  method t o  be used. 
Small charges were used i n  e f f o r t s  t o  reduce t h e  o x i d a t i o n  t ime  t o  severa l  
hours. A f t e r  t h e  i n i t i a l  su r face  o f  coa l  i s  removed, t h e  pene t ra t i on  o f  t he  
i on i zed  oxygen t o  the  coa l  under l y ing  the  ash i s  t i m e  dependent. 
e r r o r s  i n t roduced  i n  t h e  o v e r a l l  de te rm ina t ion  o f  organic  s u l f u r  due t o  ma- 
croscopic  inhomogeniet ies accentuated by t h e  small  sample charges could be 
evaluated i n  t h e  p r e c i s i o n  se r ies .  

I n  a d d i t i o n  t o  a r e p r o d u c i b i l i t y  

The amount o f  coal  samples taken f o r  these runs were i n  the  20-30 

The p o s s i b l e  

TABLE 1.  SAMPLES USED IN LOW TEMPERATURE O X I D A T I O N  STUDIES 

719-3 (Ohio) 5.2 3,6 0.07 
Hazard #4 (Kentucky) 1.52 0.66 0.04 

C o l s t r i p  #2 (Western) 0.68 0.18 0.14 
Beach Bottom #1 (W.Va.) 1.97 1.35 0,03 

Organic Compounds 

D i  t h i  op rop ion i c  17.7 0 0 

S u l f u r ,  % 
Sample Coal To ta l  P y r i t i c  Su l fa te  ’ Organic Ash, % Mois ture 

719-2 (Ohio) 6.3 1.58 2.74 1 - 9  14.2 3:5 

1.4 17.1 1 ,2  

0,82 12,8 1 * 1  
0.36 9.0 16.0 

0,59 25.1 1.7 

0 / . I  

2-Th i ophene 
Carboxy l ic  Ac id  24.7 0 0 24.7 0 
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The pure o rganosu l fu r  compounds shown were a l s o  run s i n c e  t h e  r e s u l t s  
would represent  i d e a l  recovery exper iments i n  t h e  absence o f  i n t e r f e r i n g  
m ine ra l  forms. 
m i l l i g r a m  range. 

The sample charges used f o r  these runs were i n  t h e  5-10 

A study was a l s o  made o f  t he  s t a b i l i t y  o f  FeS2 under t h e  ashing con- 
d i t i o n s  f o r  c o a l .  Ox ida t i on  o f  t h i s  compound y i e l d s  v o l a t i l e  SO2 which would 
be i n d i s t i n g u i s h a b l e  from t h a t  de r i ved  f rom t h e  o rgan ic  s u l f u r  i n  coal .  
a d d i t i o n ,  t h e  pure FeS2 was a l s o  mixed w i t h  o t h e r  components t o  assess t h e i r  
a f f e c t  upon i t s  convers ion.  These m a t e r i a l s  i n c l u d e  pure S i &  g r a p h i t e ,  ash, 
and coa l .  

I n  

EXPERIMENTAL RESULTS 

O x i d a t i o n  Study o f  FeS2 

It was f i r s t  necessary t o  e s t a b l i s h  cond i t i ons  which prevented o r  
The exper imenta l  reduced considerably  t h e  o x i d a t i o n  o f  p y r i t e  t o  y i e l d  SO,. 

cond i t i ons  which were v a r i e d  f o r  t h e  FeS2 study i nc luded  a p p l i e d  power t o  
t h e  plasma, oxygen f low,  p o s i t i o n  o f  samples i n  r e l a t i o n  t o  t h e  plasma, 
p a r t i c l e  s i z e  o f  FeS2, and m ix tu res  o f  var ious m a t e r i a l s  w i t h  pure FeS2. 
For  the runs w i th  o n l y  FeS2, i t  appears t h a t  t h e  convers ion t o  Fez03 and 
v o l a t i l e  SO2 occurs under any c o n d i t i o n .  
increases d i r e c t l y  w i th  t h e  a p p l i e d  power and i n v e r s e l y  w i t h  p a r t i c l e  
The p o s i t i o n  o f  t h e  sample i n  t h e  chamber and t h e  r a t e  o f  oxygen f l o w  used 
has minimal, i f  any, a f f e c t  upon t h e  o x i d a t i o n  o f  FeSZ. 

duced mixed r e s u l t s .  
s u l f u r  compound t o  pu re  FeS2 d i d  n o t  prevent  t h e  FeS2 r e a c t i o n  w i t h  oxygen. 
However, admixtures w i t h  coal  o r  f l y  ash appears t o  prevent  FeS2 o x i d a t i o n .  
reason f o r  t h e  apparent i n h i b i t i o n  o f  t h e  r e a c t i o n  i s  n o t  known b u t  seems t o  
be associated w i t h  c h a r a c t e r i s t i c s  o f  t h e  ash o the r  than SiO2. 
t h e  n a t u r a l  ash i n  c o a l s  acce le ra tes  t h e  r e a c t i o n  o f  t h e  organic  phase w i t h  
t h e  plasma. 
compound, the r e a c t i o n  w i t h  i o n i z e d  oxygen i s  s lower .  

However, t h e  s e v e r i t y  o f  convers ion 
s i ze .  

The runs made us ing  m ix tu res  o f  FeS2 w i t h  t h e  l i s t e d  a d d i t i v e s  pro-  
I t  was found t h a t  by adding g raph i te ,  Si02, o r  an o rgan ic  

The 

The presence o f  

I n  samples c o n t a i n i n g  no  ash, such as g r a p h i t e  o r  an o rganosu l fu r  

Coal Studies 

Coals were o x i d i z e d  u s i n g  t h e  optimum ins t rumen ta l  c o n d i t i o n s  as 

(2) oxygen f l o w  a t  
determined t o  be s u i t a b l e  f o r  t h e  p y r i t e  s tud ies .  
a p p l i e d  power o f  150 w a t t s  o v e r a l l  (30 watts/chamber); 
30 cc/min; ( 3 )  and a pressure o f  1 t o r r .  The sample charge o f  about 25 
m i l l i g r a m s  was used. The c o l l e c t e d  s u l f a t e s  were determined on a Dionex 
Model No. 10 I o n  Chromatograph. 

supp l i ed  a measure o f  t h e  r e p e a t a b i l i t y  o f  t h i s  technique f o r  t h e  o rgan ic  
s u l f u r  recovery i n  one coa l .  These recovery data and p r e c i s i o n  a r e  shown i n  
Table 2. 
o f  t h e  r e l a t i v e  s tandard  d e v i a t i o n  of 19% a t  t h e  95% conf idence l e v e l .  Th i s  
i s  s l i g h t l y  b e t t e r  t han  t h a t  ach ievab le  b y  t h e  i n d i r e c t  ASTM method. 

va r iab les .  
(2) a b i l i t y  t o  d u p l i c a t e  r e a c t i o n  and c o l l e c t i o n  techniques, (3)  analyses o f  
s u l f a t e  so lu t i ons ,  and (4 )  buns extended ove r  a p e r i o d  o f  severa l  weeks. 

These were found t o  be (1)  

Using the above c o n d i t i o n s  f o r  a coa l  (719-Z), a s e r i e s  o f  t e n  runs 

The r a t i o  o f  t h e  obta ined/expected values a l l ow  f o r  t h e  c a l c u l a t i o n  

The r e p e a t a b i l i t y  data shown i n  Table 2 i nc ludes  a wide range o f  
These i n c l u d e  (1 )  p o s s i b l e  inhomogeneity o f  smal l  coa l  charges, 
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FIGURE 2. SAMPLE PLATE AND HOLDER INSERT 

FIGURE I. SCHEMATIC OF LOW-TEMPERATURE ASHER SHOWING 
MODIFIED REACTION CHAMER AND GAS FLOWS 
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TABLE 2.  REPEATABILITY RUNS OF THE ANALYSES OF ORGANIC SULFUR 
FROM OXIDATION OF 719-2 COAL 

Net Organic S u l f u r ,  micrograms 
Expected Obtained Ra t io  Obtai ned/Expected 

440 450 
405 41 0 
420 475 
420 360 
380 360 
4 30 450 
440 440 
415 380 
430 350 

1.023 
1.012 
1.131 
0.861 
0.949 
1.047 
1 .oo 
0.916 
0.814 

Mean 0.971 

% SD (95%) 19.0 

The second s tudy  i n v o l v i n g  coal 719-2 was t o  o x i d i z e  f o r  SOx 
recovery a f t e r  s p i k i n g  w i t h  q u a n t i t i e s  o f  FeS2 i n  a p a r t i c l e  s i z e  range o f  
<37 pin. The s u l f i d e  was premixed w i t h  coa l  a t  about the  12% l e v e l  so t h a t  the 
charge t o  be o x i d i z e d  was about  25 m i l l i g r a m s  o f  coal and 3 m i l l i g r a m s  o f  pure 
p y r i t e .  The m ix  runs were s i m i l a r  t o  t h e  coa l -on l y  runs f o r  t h e  o v e r a l l  p ro -  
cedure. Resul ts  o f  t h e  coal-FeSp r u n s  a r e  shown i n  Table 3. The r e l a t i v e  
standard d e v i a t i o n  a t  t h e  95% conf idence l e v e l  i s  seen t o  be 17%. 

TABLE 3. ANALYSES OF ORGANIC SULFUR FROM OXIDATION OF 719-2 COAL 
SPIKED WITH PURE FeS2 

Organic Su l fu r ,  micrograms 
Expected Obtained Ra t io  Obtai ned/Expected 

350 330 
345 350 
370 440 
300 320 

0.943 
1.014 
1.190 
1.07 

Mean 1.054 

% SD (95%) 17.0 

The t h i r d  ma jo r  exper iment  i nvo l ved  the  r e p e a t a b i l i t y  o f  t h i s  
technique when a p p l i e d  t o  a wide range o f  coa ls .  
c luded  a v a r i a t i o n  i n  t o t a l ,  p y r i t i c ,  and organic  s u l f u r s  as w e l l  as t h e  ash 
con ten t .  The coa ls  used f o r  these runs a r e  l i s t e d  i n  Table 1. 

The f o u r  coa ls  were r u n  i n  t r i p l i c a t e  us ing  s i m i l a r  procedure condi -  
t i o n s  as the two p rev ious  s t u d i e s  w i t h  coa l  719-2. 
coa ls  a re  shown i n  Table 4. 
t h e  o t h e r  r a t i o  da ta  seem t o  be w e l l  w i t h i n  t h e  e r r o r s  assoc ia ted  w i t h  e i t h e r  the  
ASTM o r  t h i s  d i r e c t  method. 

The bas i s  f o r  s e l e c t i o n  i n -  

The r e s u l t s  on t h e  f o u r  
One r u n  ( c o l s t r i p )  appears t o  be o u t  of l i n e ,  b u t  

The r e s u l t s  show t h a t  t h i s  d i r e c t  ( o x i d a t i o n )  
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method does p rov ide  a reasonable es t ima te  o f  t h e  o rgan ic  s u l f u r  con ten t  i n  
a v a r i e t y  o f  coa ls .  

90-95% range. 
t h e  temperatures achieved du r ing  t h e  ox ida t i ons .  
a f fec t  t h i s  has on f u l l  r ecove r ies .  

Theore t i ca l  recove r ies  o f  S i n  pure o rgan ic  compounds were the  
The m e l t i n g  p o i n t s  o f  t h e  two organo s u l f u r  components are near  

I t  i s  u n c e r t a i n  what, i f  any, 

TABLE 4. APPLICATION OF THE OXIDATION TECHNIQUE TO VARIOUS COALS 

Organic S u l f u r ,  micrograms General Cons t i t uen t  
Expected Obtained R a t i o  Range 

C o l s t r i p  #2 77 123 
75 85 
70 80 

Hazard #4 220 173 
185 173 
200 100 

Coshocton 719-3 330 300 
330 31 3 
325 340 

Beach Bottom #1 180 195 
185 210 
170 190 

1.6 Low p y r i t e ,  OS, Ash 
1.1 
1.1 

0.79 Medium p y r i t e ,  OS, Ash 
0.94 
0.95 

0.91 High p y r i t e  and OS, 
0.95 medium ash 
1.05 

1.1 High p y r i t e  and ash, 
1 .1  medium OS 
1.1 

Discuss ion o f  Problems 

Other  o x i d i z e d  products  o f  coals  were condensed a t  t h e  l i q u i d  
n i t r o g e n  temperatures. 
t e n t s  o f  t h e  condensed m a t e r i a l ,  small  amounts o f  ozone,were present  i n  most 
runs. Acc identa l  leaks i n  t h e  system d u r i n g  a run  appears t o  dep le te  n o t  on l y  t h e  
ozone, b u t  a l s o  t h e  condensed SO . 
t o  form a NO-SO complex which maies i t  unava i l ab le  f o r  t h e  a n a l y t i c a l  method used. 

pressure used t o  c a r r y  o u t  t h e  o x i d a t i o n .  
i s  about 40 nanograms pe r  hour. 

i t s  recovery f o r  ana lys i s .  One at tempt  i nc luded  t h e  p o s s i b l e  c a t a l y t i c  convers ion 
o f  SO2 t o  SO3 f o r  i t s  lower  temperature c o l l e c t i o n .  
surface occurred about h a l f  way through t h e  run  t o  make t h i s  approach unsuccessful.  
The second at tempt  i n v o l v e d  p l a c i n g  a NaOH-laden quar t z  wool p l u g  i n  t h e  r e a r  o f  
t h e  ho lde r  i n s e r t .  Th i s  appears t o  be very e f f e c t i v e  i n  c a p t u r i n g  the  SO, vapor. 
However, t o  be e f f e c t i v e  the  p lug  should be s l i g h t l y  mo is t ,  and t h i s  i n t roduces  
some vacuum problems which have n o t  been s t u d i e d  t o o  thoroughly .  

g lass  system can occur  a t  h i g h  Sdx concen t ra t i ons .  The d e p o s i t i o n  on t h e  g lass 
surfaces was very much i n  evidence i n  t h e  i n v e s t i g a t i o n s  w i t h  pure FeS2. Blank 
l e v e l s  were found a f t e r  coal  runs. 

Although no at tempts were made t o  analyze the  f u l l  con- 

The r e s u l t i n g  NO, apparen t l y  reac ts  w i t h  SO2 

The condensed SO2 i s  reasonably s t a b l e  a t  t h e  t r a p  temperature and 
The c a l c u l a t e d  l o s s  through v a p o r i z a t i o n  

Other SO, F o l l e c t i o n  techniques were t r i e d  i n  e f f o r t s  t o  s i m p l i f y  

Poisoning o f  t h e  p la t i num 

Predepos i t i on  o f  SO (p robab ly  as H2SO3 o r  H2SO4) on t h e  w a l l s  o f  

/ 
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CONCLUSIONS 

Based upon the experimental work car r ied  out on this  program, a 
d i r e c t  method fo r  determining the  organic su l fu r  content i n  coals has been 
developed. 
the organically bound component of coa ls  w i t h  ionized plasma of oxygen t o  
y ie ld  vo la t i l e  oxidic species pecul ia r  t o  the  to t a l  organic makeup. 
desired products a re  condensed a t  a low temperature fo r  subsequent analysis.  

The  work reported herein has demonstrated tha t  t h i s  technique i s  
spec i f ic  f o r  the organic su l fu r  content of coals within the e r r o r  of the 
overall  procedure. Repeatability runs on one coal (719-2) has produced 
r e l a t ive  standard deviations b e t t e r  than those obtained f o r  organic su l fu r  
using the d i f f e ren t  methods of ASTM. 
the same coal even when spiked with comparatively large quant i t ies  of pure 
FeS2 i n  the pa r t i c l e  s i ze  range of <37 urn. No s a c r i f i c e  in the recovery 
amounts of the  expected organic s u l f u r  i n  the  coal were indicated i n  these 
spiked runs. Successful application of this  technique t o  o ther  coals of 
varying consti tuents has provided some measure of the ruggedness and 
confidence of t h i s  approach. Also the  repea tab i l i ty  runs indica te  tha t  the  
use of the 25 milligram sample charge i s  j u s t i f i e d .  Any e r r o r  which may 
a r i s e  from the inhomogeneous d i s t r ibu t ion  of organic su l fu r  in the use of 
small charges appears t o  be minimal o r  w i t h i n  the experimental precision of 
the method. 

The procedure makes use of the  r e l a t ive  ease o f  oxidation of 

The 

Similar precision was obtained from 

1.  
2 .  

3. 

4. 

5. 

6. 
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